We have studied the exopolysaccharide produced by Cobetia marina DSMZ 4741, a marine bacterium isolated from coastal seawater. This strain is able to produce a polysaccharide in presence of carbon sources as glucose, mannitol and alginate. The maximum production occurs in aerobic condition, during the end of the exponential phase. The polymer is a non-viscous, acidic heteropolysaccharide of 270 kDa constituted of a repeating unit of:
Introduction
Exopolysaccharides (EPSs) are polymers of sugars whose synthesis has been identified in the three domains of life (Eukarya, Prokarya and Archeae) (Sutherland, 2001) . Bacterial EPSs display a wide range of chemical structure with homopolymeric or heteropolymeric composition, linear or branched backbones. Organic or inorganic substituents are also frequently observed on their structures (Freitas, Alves, & Reis, 2011). EPSs occur in two different forms as a capsular polysaccharide where the polysaccharides is closely associated with the cell surface and may be covalently bound, and as a high molecular weight slime polysaccharide that can be excreted in very high amount (Sutherland, 2001 ) and may be loosely bound at a limited number of discrete sites of the cell (Vanhooren & Vandamme, 1998) . EPS-producing bacteria have been isolated in a wide range of ecosystems, from human digestive tracts (Hidalgo-Cantabrana et al., 2013) to the deep hydrothermal vents (Poli, Anzelmo, & Nicolaus, 2010) , but also in oil wells (Sen, 2008) or Antarctic floe (Van der Merwe et al., 2009). Since their first descriptive studies in the middle of the last century, the biological and physicochemical unique properties of these polymers make them unavoidable in the fields of biotechnology (Sutherland, 2001 ; Kumar et al., 2009; Freitas et al., 2011) . Because of their remarkable characteristics, they can also represent a real problem through their role in biofouling phenomenon, protecting EPS-producing bacteria against biocide and antibiotherapy, or by increasing corrosion ( Stewart & William Costerton, 2001 ). In nature EPS are usually found in the form of a biogel framing the bacterial biofilm. Beyond this 'architectural' function, from an ecophysiological point of view, EPS can have multiple purposes. Its defensive roles against desiccation or grazing by protozoa as well as phages predation are the most documented ( Ophir & Gutnick, 1994) . By preventing the entry of exogenous macromolecules in the biofilm, EPSs can make some pathogenic strains 1000 times more hydroxyl of a monosaccharide in acidic condition. The labelled monosaccharide can be 174 detected with UV spectrometry. 10 µl of 8 M TFA was added to 10 µl of a 0.1% (w/v) EPS 175 solution. Hydrolysis was carried out for 1 h at 100 °C. After cooling down, the sample was 176 dehydrated with a centrifugal concentrator (30 min, 500 g). Once dried, 40 µl of 2-propanol 177 was added and the sample was dehydrated again. Then, 10 µl of mQ water and 40 µl of 178 ABEE-labeling reagent (Cosmo Bio Co., Ltd) were added to the sample and the mixture was 179 incubated at 80 °C for 60 min. Dropped at room temperature, 200 µl of mQ water and 200 µl 180 of chloroform were added to the mixture, which was agitated for 1 min. After a short 181 centrifugation, the supernatant was recovered and filtered through a 0.2 µm membrane before 182 injection. 20 µl of ABEE-derivative sample was injected to an HPLC (Prominence system, 183
Shimadzu®, Tokyo, Japan) equipped with a Honenpak® C18 column (7.5x0.46 cm, special 184 ABEE-labeling, Cosmo Bio C., Ltd). HPLC run was performed at 1 ml.min 
Glycosidic linkage analysis 224
Glycosyl-linkage positions were determined with the method described by Doares et al., 225 (1991) . Hydroxyl groups of the native EPS were first methylated as follows. About 2 mg of 226 EPS was dissolved in 500 µl of DMSO and 500 µl of Butyl Lithium was added (2.5 M, in 227 hexane, Sigma-Aldrich). Reaction was performed during 3 h at room temperature. Then, 500 228 µl of iodomethane were added and the mixture was kept under agitation overnight. 
Results 245

EPS production 246
Production of EPS was carried out in unbalanced C/N culture medium. The maximum 247 production of exopolysaccharide generally occurred at the end of the log phase. Two other 248 carbon sources other than glucose were tested. Indeed, C. marina (DSMZ 4741) exhibits 249 alginate lyase activity, suggesting macroalgae thalli as its natural environment. We chose to 250 test 2 carbon sources related to macroalgae environment (alginic acid and mannitol). 
EPS Characterization 263
The purity of the purified EPS was estimated with colorimetric dosages. Total sugar content 264 was measured by Dubois assay. Protein content was calculated by Bradford method and 265 genetic material content was measured at 260 nm. The lyophilized EPS is characterized by a 266 high content of sugars (78 +/-6.1 % w/w) and a low amount of proteins (6 +/-0.6 % w/w) and 267 genomic contaminants (3 +/-0.5 % w/w). 268
The Fourier transform infrared spectroscopy was used as a preliminary analysis to assess the 269 'quality' of the sample before colorimetric dosages, osidic composition characterization and 270 structural elucidation. It provides information about the purity of the polymer and helps to 271 discriminate exopolysaccharides of protein or dna/rna made exopolymeric substances. This 272 technique was also suitable to detect functional group as e.g. carboxylic function or sulfate 273 ester function. The Fourier transform infrared spectroscopy (FTIR) performed on L 6 shows a 274 typical polysaccharide-fingerprint spectrum characterized by a broad band beyond 3000 cm -1 , 275 resulting from O-H and C-H stretching bands at 3420 cm -1 and 2900 cm -1 respectively, and an 276 intense absorption band at 1600 cm -1 with a small shoulder around 1730 cm -1 due to the 277 presence of carboxylic groups. 278
The L 6 EPS was hydrolysed with TFA and the corresponding degradation products of L 6 were 279 analyzed by TLC. Sulphate and TBA staining were used to reveal total and unsaturated/deoxy 280 sugars, respectively (Fig. 1.) . another glycosidic residue to the C2 of ribose under its native form and also determines the 314 furanoid form of the ribose. 315
NMR spectroscopy 316
The 1 H and 13 C-NMR study of L 6 confirmed the high degree of purity of the 317 exopolysaccharide and was in accordance with the presence of 2 osidic residues and one 318 organic substituent. A total of 15 carbon peaks were observed on the 13 C-NMR spectrum, and, 319 from theses first data, EPS repetitive unit seems to be constituted by ribose (named spin 320 system A) and KDO (3-deoxy-D-manno-oct-2-ulosonic acid, named spin-system B). The spin 321 system-A shows a proton in the anomeric region (5.3 ppm) that is characteristic of ribose 322 (Kocharova et al., 1989) . Its furanoid form and β anomeric configuration was determined by 323 (Fig. 2) . All these data are strongly correlated with the data preliminary 331 obtained by the chemical analysis (negative charge of the EPS, presence of carboxylic groups, 332 two kinds of sugar constituents one of which is a deoxy sugar). Table 1 . Accurate assignments of nucleus constituting the three spin-340 systems (A, B and C) were obtained by COSY and HMQC experiments ( Fig. 4 ; Fig. 5 & 341 Table 1 ). Based on these results, the link between the spin-system A and B was determined 342 by HMBC experiment (Fig. 6) . Spectrum analysis showed a clear evidence for a (1→4) 343 glycosidic linkage as proven by a strong correlation between the H1-A and the C4-B. This 344 data was comforted by the downfield chemical shift of the C4-B compared with a similar 345 polysaccharide from the literature (Lenter et al., 1990a) . In addition, no correlation with the 346 other potential link (C5-B/H1-A) was observable. The position of the pyruvate on the KDO 347 was first established by the correlation between the C2-C and the H7-B/H8-B (Fig. 6) . 348
According to literature data, the important downfield chemical shift of the C7-B and C8-B 349 (Table 1) (Fig. 3) . 353 KDOp-(2→. In comparison with others marine bacterial EPS, L 6 exhibits lowest 370 polysaccharide chains sizes (Nichols et al., 2005 ; Satpute et al., 2010) . This is maybe due to 371 the natural lability of the KDO residue which would be consistent with the important 372 polydispersity index measured in the study. Previous studies about the ability of Cobetia 373 marina to produce EPS do not match with present results (Shea et al., 1991 ; Kokoulin et al., 374 2014) . Indeed, this polymer showed, in its composition and structure, strong analogies with 375 some Escherichia coli K-antigen polysaccharides from the group II (Table 2) . K-antigens (for 376
